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During the last decade, a remarkable increase
has occurred in the prevalence of asthma in
the United States as well as in a number of
other countries. This increase has occurred
among both children and adults (1). Studies
have associated asthma symptoms with a
number of factors, including familial (2),
nutritional (3), socioeconomic and psychoso-
cial (4), and environmental (5) factors. Widely
accepted definitions of asthma describe a
chronic inﬂammatory disorder of the airways
with characteristic pathologic features that can
be attributed to a variety of recognized and
undefined factors (6). The specific cause or
causes of the rise in asthma morbidity and
mortality remain incompletely understood.
Although knowledge of the genetic determi-
nants of asthma is expanding, it is generally
acknowledged that the explanations for the
recent increase in asthma must be found
among the many changes in our living envi-
ronments, including lifestyles as well as expo-
sures at work, school, and home (7–10).
Work-Related Asthma Is
Increasingly Recognized
During the same period as the overall rise in
asthma prevalence, work-related asthma
(WRA)—asthma caused or signiﬁcantly exac-
erbated by work exposures (11)—has
emerged as the most commonly reported
occupational lung condition (12,13). Over
350 chemicals, mixtures, and processes found
in the workplace have been associated with
the onset or exacerbation of asthma, with
over 250 documented as airway sensitizers
(14,15). Recent studies implicate workplace
exposures in an important proportion of cases
of new-onset asthma among adults, and expo-
sures to agents in the workplace that result in
the onset of asthma continue to be described
(16,17). In addition to the new onset of
asthma from occupational exposures, individ-
uals with preexisting asthma can experience
work-aggravated asthma caused by a variety
of exposures during work. Work-aggravated
asthma results in increasing medication
requirements and/or clinical deterioration
among affected persons and contributes to
the importance of occupational factors in
asthma morbidity. Overall, the ﬁndings from
research, surveillance, and clinical experience
among individuals with WRA have yielded a
wealth of information that can enlighten
understanding of the initiation, exacerbation,
management, and even cure of asthma in the
general population.
Work-Related Asthma
Surveillance
Reports from Canada and the United
Kingdom as well as the United States indicate
that occupational asthma has surpassed the
traditional occupational dust disorders to
become the most commonly reported occupa-
tional lung disease (18–20). These surveillance
systems highlight the contemporary impor-
tance of WRA but do not document trends
over time. However, time trends have been
documented in Finland, where a 70% increase
in conﬁrmed cases of occupational asthma was
noted from 1986 to 1993, on the basis of data
from the comprehensive Finnish national reg-
istry of occupational illnesses (21). In the
United States, four states are currently sub-
mitting reports of WRA as part of the Sentinel
Event Notification System for Occupational
Risks (SENSOR) surveillance system, which is
sponsored by the National Institute for
Occupational Safety and Health (NIOSH)
(22). In this program a number of core vari-
ables are collected from cases meeting deﬁned
criteria for WRA. The pattern of agents impli-
cated in these reports is of interest (Table 1)
The diisocyanate group of chemicals, which
are used in the production of a wide variety of
consumer and commercial products, repre-
sented the largest single group of agents—a
finding similar to that reported from several
other countries (18,19,23). Contamination in
nonindustrial workplaces such as ofﬁces and
schools represented the second largest group
of agents reported in association with asthma
onset. To better understand the role in asthma
of exposure to molds, bacteria, volatile organic
compounds, and other contaminants found in
buildings, NIOSH has initiated a major
research effort. Surveillance reports have iden-
tified several additional agents increasingly
associated with asthma, including commercial
and industrial cleaning products, and metal-
working fluids, which are used in foundries,
mills, and machine shops. Overall, surveil-
lance of WRA underscores the importance of
exposures to highly reactive low molecular
weight (<5 kDa) chemical sensitizers, mixed
contaminant exposures in nonindustrial
settings, and respiratory tract irritants such as
cleaning solutions and solvents. 
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Asthma Occurrence
Asthma has been increasing over the last two decades in the United States. The onset of asthma
has also been increasingly reported as a result of occupational exposures to over 350 different
agents. Work-related asthma (WRA) has become the most frequently diagnosed occupational res-
piratory illness. Epidemiologic studies from the United States reported WRA incidence rates of
29–710 cases per million workers per year and suggest that 10–25% of adult asthma is work
related. Much can be learned about asthma in the general population from investigations of
asthma in the workplace. Surveillance of WRA continues to highlight an important role for low
molecular weight chemical sensitizers, as well as high molecular weight antigens. Additionally,
recent reports implicate mixed exposures, including commercial cleaning solutions, solvents, and
other respiratory irritants, as well as contamination in nonindustrial environments, including
schools and ofﬁces. Investigations of WRA have demonstrated a clear dose-related increase in sen-
sitization and symptoms for exposures to both chemical and protein sensitizers. High proportions
of exposed working groups can be affected. Skin exposures may affect the likelihood of individuals
developing respiratory symptoms. Atopy increases the risk of sensitization and illness from work-
place exposure to antigens but not to chemical sensitizers. Irritant exposures can act as adjuvants
among individuals exposed to sensitizing substances, increasing the proportion who become sensi-
tized. Atopy might also be a result of irritant exposures in some persons. Occupational asthma
often has important long-term adverse health and economic consequences but can resolve com-
pletely with timely control of exposures. Detailed study of such asthma “cures” may prove useful
in understanding factors that inﬂuence asthmatic airway inﬂammation in the general population.
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Work-Related Asthma:
Population-Based Studies
Population-based epidemiologic research of
asthma in the workplace has evaluated the
incidence of WRA and the proportion of
asthma in adults that can be attributed to
occupation. Studies from Europe, Asia, and
the United States have varied widely in the
proportion of asthma morbidity among
adults that can be attributed to workplace
exposures (24). The variability in these esti-
mates is likely due to differences in study
methodology as well as the differing proﬁles
of occupational exposures found in the study
locations. Several recent studies have sug-
gested that between 10 and 25% of adult
asthma is likely to be related to occupational
exposures (25,26). Estimates of the overall
yearly incidence of occupational asthma in
the U.S. working population have ranged in
different studies from 29 to 710 cases per
million workers. The corresponding rate was
reported to be 174 in Finland but varies
greatly by industry and occupational cate-
gories (27–29). The relatively broad range of
estimates emphasizes the importance of
design factors in results of these studies.
Additional studies are under way to define
further the overall impact of occupation on
asthma, including both the new onset of
asthma and the exacerbation of existing
asthma due to job exposures.
Work-Related Asthma:
Workforce-Based Studies
Workforce-based studies of asthma have
demonstrated that people who work with
asthma-causing agents, such as bakers, ani-
mal handlers, and isocyanate workers, often
have an elevated prevalence of asthma symp-
toms (12,13). Recently, several detailed stud-
ies, including those with quantitative
measurements of exposure to sensitizers, have
been completed in various work environ-
ments. For example, among bakers, the pro-
portion of workers sensitized (as evidenced by
responses to skin prick tests) to alpha amylase,
a flour additive, increased with increasing
measured airborne exposure to the amylase
(30). Similarly, exposure-related increases in
sensitization have been observed among labo-
ratory animal workers (31,32). In these stud-
ies, tobacco smoking, which may be a risk
factor for development of asthma (33), was
associated with increased sensitization in the
animal handlers; a smoking effect was not
observed among the bakery workers. Smoking
has also been associated with increased rates of
sensitization among workers exposed to plat-
inum salts and certain acid anhydrides but not
to diisocyanates or plicatic acid (34).
Study designs of WRA have important
consequences for the results. Emphasis on rig-
orous case finding or a more extensive case
conﬁrmation process may result in greater or
lesser numbers of individuals with asthma
who are eventually available for analysis in a
study. Individuals who develop asthma symp-
toms from workplace exposures may transfer
out of the exposed job or leave the workplace
altogether (35). Workers with airway hyper-
responsiveness, a cardinal ﬁnding in asthma,
appear to choose jobs that minimize dust
exposures (36). Because of these selection fac-
tors (manifestations of the healthy worker
effect), cross-sectional prevalence studies are
likely to underestimate the risk of asthma
related to occupational exposures compared
with more resource-intensive longitudinal
study designs. Similarly, when susceptible or
symptomatic workers avoid or leave jobs with
potential exposures, the relationships among
job exposures, work tenure, and asthma-
related outcomes can be obscured (32). 
A number of studies have found that per-
sons with atopy (IgE-mediated sensitization
to common environmental allergens) have an
increased risk of sensitization in relation to
workplace exposures to a number of high
molecular weight (generally protein) anti-
gens. In contrast, atopy does not consistently
affect the risk of sensitization among workers
exposed to low molecular weight reactive
chemicals such as diisocyanates (12,13). An
intriguing ﬁnding was reported from a study
of Dutch pig farmers (37). The authors
found that atopy was signiﬁcantly more com-
mon among farmers who reported using cer-
tain disinfectants in their work, particularly
quaternary ammonium compounds. This
finding, which calls for further study and
confirmation, suggests that an individual’s
tendency to produce IgE antibody on expo-
sure to an aeroallergen, in addition to reﬂect-
ing his or her genotype, is influenced by
certain environmental chemical exposures.
Similar accentuated specific antibody
responses in human volunteers have been
observed after nasal mucosal exposure to
diesel exhaust particulate (10). Animal stud-
ies have also indicated that respiratory
mucosal exposures to chemical agents can
result in augmentation of immunologic
responses to airway antigen exposure (38).
This augmentation effect can depend on the
timing and site of the chemical exposure: for
example, rats showed a 6-fold increase in
peak specific IgE levels after ovalbumin
aerosol when exposed to lower airway irritant
(1 hr of NO2 at 100 ppm) 24 hr before anti-
gen but not when the irritant exposure
occurred 7 days before antigen. Upper airway
irritation (NH3) did not augment levels of
ovalbumin speciﬁc IgE.
Another interesting observation was
reported from a study of workers in a wood
products plant that uses methylene diphenyl
diisocyanate (MDI), a low molecular weight
sensitizer (39). Workers in this study were at
increased risk of developing asthmalike
symptoms if they had noted skin stains due
to the MDI. This association was signiﬁcant
even after accounting for potential exposure
to airborne MDI. This ﬁnding suggests that
immunologic sensitization from diiso-
cyanates may initially result from skin expo-
sure and subsequently be manifest by
respiratory symptoms, consistent with
reports of some previous human and animal
studies (40,41). 
In light of the recognized familial aggre-
gation of asthma, several studies have investi-
gated genetic markers among individuals with
WRA. Although results are still preliminary,
several human leukocyte antigen (HLA)
markers have been identified that appear to
be protective, whereas other markers appear
to confer increased risk of WRA (42,43).
Work-Related Asthma:
Preventive Interventions
For certain agents associated with occupational
asthma, the ability of investigators to identify
and quantify allergen exposures has facilitated
the assessment of interventions designed to
prevent or reduce asthma symptoms among
workers. For example, a number of interven-
tions have been recommended to reduce
asthma symptoms caused by exposure to pro-
tein allergens found in natural latex gloves
(44). Use of reduced-protein gloves during
surgery has been documented to reduce air-
borne allergen levels (45). Latex-specific IgE
levels in the serum of sensitized healthcare
workers decline with time after the adoption of
a policy regarding low-allergen gloves (46).
Levy et al. (47) reported that among dental
students, the adoption of a policy of using only
reduced-allergen powder-free gloves dimin-
ished the onset of sensitization during training
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Table 1. Work-related asthma: agents associated
with reported cases.a
New- Work-
Total onset  aggravated 
cases asthma asthma 
Isocyanates 103 99 4
Indoor air 86 67 19
Dusts 79 45 34
Chemicals 73 56 17
Metal-working 57 55 2
ﬂuids/lubricants
Cleaners 51 42 9
Smoke 50 40 10
Solvents 43 36 7
Stainless 37 31 6
welding
Formaldehyde 35 32 3
Paint 35 22 13
Pesticides 29 21 8
Latex 26 24 2
aData from NIOSH SENSOR surveillance system,
1993–1995; n = 1,101 (22).from 11 to 0%. Thus, occupational interven-
tion studies have indicated that control of anti-
gen exposure can both reduce symptoms and
specific IgE among sensitized individuals as
well as prevent the onset of sensitization
among newly exposed individuals. Clinical fol-
low-up among persons with occupational
asthma caused by a variety of agents has indi-
cated that prompt control of exposures is asso-
ciated with a better chance of improvement or
resolution of symptoms and ﬁndings, whereas
workers who have continued exposures have a
poorer prognosis (23,48).
Irritant-Induced Asthma
Occupational exposures to irritants can result
in airway hyperresponsiveness, bronchospasm,
and persistent respiratory symptoms. This rep-
resents a third mechanism for WRA onset, in
addition to exposures to high molecular
weight allergens and low molecular weight
chemical sensitizers. Symptoms and hyperre-
sponsiveness, often called the reactive airways
dysfunction syndrome (RADS), may develop
after a single intense inhalational exposure to a
respiratory irritant such as an acid or alkali
(49). Although the clinical symptoms mimic
asthma, the airway pathology associated
with RADS may be distinguishable from the
airway inflammation typically associated
with asthma (50). A similar syndrome of
persistent asthmalike symptoms has been
observed among pulp mill workers who
experienced repeated but less intense expo-
sures to chlorine gas (51,52). Consistent
with these workplace observations, a recent
report has associated incident asthma among
children with exercise in environments with
high ozone exposure (53). Preexisting aller-
gies may play a role in the development of
asthma symptoms after repeated inhalation
exposures to irritants (54). 
Summary: Lessons from the
Study of Work-Related Asthma
Studies of asthma in the workplace have
demonstrated that with increasing levels of
airborne exposure, an increasing proportion
of the exposed population is sensitized.
These exposure–response relationships have
been observed for high molecular weight
allergens as well as low molecular weight
chemical sensitizers. The susceptibility to
sensitization varies among working popula-
tions (Figure 1). Workers who are suscepti-
ble may select out of exposed working
populations, particularly if sensitization and
symptoms develop, whereas studies in some
settings find that a high proportion of
workers are sensitized. Skin exposures may
play a role in initial immunologic sensitiza-
tion. For a given measured airborne expo-
sure, atopic workers appear have an
increased likelihood of becoming sensitized
to high molecular weight allergens but not
to low molecular weight occupational sensi-
tizers such as diisocyanates. Concurrent
exposure to airborne antigens with nonsen-
sitizing chemical irritants (such as diesel
exhaust particulate, nitrogen oxides, or
tobacco smoke) may increase the likelihood
of immunologic sensitization. Thus, the
expression of atopy may at least in part be a
result of nonsensitizing environmental irri-
tant exposures. Even in the absence of spe-
cific sensitizing exposures, inhalational
exposure to irritants can at times result in
the development of persistent asthmalike
symptoms (e.g., RADS). After sensitization
has occurred, continuing exposure to an
occupational sensitizer is often associated
with persistent symptoms and airway hyper-
responsiveness. Conversely, timely control
of workplace exposure to sensitizers may
result in improvement in both symptoms
and immunologic sensitization, or even
complete resolution of all symptoms and
signs of asthma. Detailed study of such
asthma cures may prove useful in under-
standing risk factors and mechanisms that
control asthmatic airway inflammation in
the general population.
REFERENCES AND NOTES
1.  Mannino DM, Homa DM, Pertowski CA, Ashizawa A,
Nixon LL, Johnson CA, Ball LB, Jack E, Kang DS.
Surveillance for Asthma—United States, 1960-1995. Morb
Mortal Wkly Rep Surveill Summ 47(1):1–27 (1998).
2.  Sandford A, Weir T, Pare P. The genetics of asthma. Am J
Respir Crit Care Med 153(pt 1):1749–1765 (1996). 
3.  Peat JK. Prevention of asthma. Eur Respir J 9:1545–1555
(1996). 
4.  Weil CM, Wade SL, Bauman LJ, Lynn H, Mitchell H,
Lavigne J. The relationship between psychosocial factors
and asthma morbidity in inner-city children with asthma.
Pediatrics 104(6):1274–1280 (1999).
5.  Platts-Mills TA, Rakes G, Heymann PW. The relevance of
allergen exposure to the development of asthma in child-
hood. J Allergy Clin Immunol 105(2 pt 2):S503–S508 (2000). 
6.  National Asthma Education and Prevention Program: Expert
Panel Report. II: Guidelines for the Diagnosis and
Management of Asthma. Bethesda, MD:National Heart,
Lung and Blood Institute, National Institutes of Health, 1997.
7.  Pearce N, Douwes J, Beasley R. Is allergen exposure the
major primary cause of asthma? Thorax 55(5):424–431
(2000).
8.  Von Mutius E. The environmental predictors of allergic
disease. J Allergy Clin Immunol 105(1 pt 1):9–19 (2000).
9.  Warner JA, Jones CA, Jones AC, Warner JO. Prenatal
Origins of Allergic Disease. J Allergy Clin Immunol 105(2 pt
2):S493–S498 (2000).
10.  Diaz-Sanchez D. Pollution and the immune response:
atopic diseases—are we too dirty or too clean?
Immunology 101(1):11–18 (2000).
11. Wagner GR, Wegman DH. Occupational asthma: preven-
tion by deﬁnition. Am J Ind Med 33(5):427–429 (1998).
12.  Friedman-Jimenez G, Beckett WS, Szeinuk J, Petsonk EL.
Clinical evaluation, management, and prevention of work-
related asthma. Am J Ind Med 37(1):121–141 (2000).
13.  Chan-Yeung M. Assessment of asthma in the workplace.
ACCP consensus statement. Am Coll Chest Phys Chest
108(4):1084–1117 (1995).
14.  de la Hoz RE, Young RO, Pedersen DH. Exposure to poten-
tial occupational asthmogens: prevalence data from the
National Occupational Exposure Survey. Am J Ind Med
31(2):195–201 (1997).
15. van Kampen V, Merget R, Baur X. Occupational airway
sensitizers: an overview on the respective literature. Am J
Ind Med 38(2):164–218 (2000).
16.  Milton DK, Solomon GM, Rosiello RA, Herrick RF. Risk and
incidence of asthma attributable to occupational expo-
sure among HMO members. Am J Ind Med 33:1–10 (1998). 
17.  Karjalainen A, Kurppa K, Martikainen R, Klaukka T,
Karjalainen J. Work is related to a substantial portion of
adult-onset asthma incidence in the Finnish population.
Am J Respir Crit Care Med 164(4):565–568 (2001).
18.  Meyer JD, Holt DL, Chen Y, Cherry NM, McDonald JC.
SWORD ‘99: surveillance of work-related and occupa-
tional respiratory disease in the UK. Occup Med (Lond)
51(3):204–208 (2001).
19.  Provencher S, Labreche FP, De Guire L. Physician based
surveillance system for occupational respiratory dis-
eases: the experience of PROPULSE, Quebec, Canada.
Occup Environ Med 54(4):272–276 (1997).
20.  Hunting K, Nessel-Stephens L, Schiffman A. Association
of Occupational and Environmental Clinics Occupational
and Environmental Disease Surveillance Database:
Summary of AOEC Database Case Reports, 1991-1993.
Washington, DC:George Washington University, 1995.
21.  Reijula K, Haahtela T, Klaukka T, Rantanen J. Incidence of
occupational asthma and persistent asthma in young
adults has increased in Finland. Chest 110(1):58–61 (1996).
22.  Jajosky RA, Harrison R, Reinisch F, Flattery J, Chan J,
Tumpowsky C, Davis L, Reilly MJ, Rosenman KD,
Kalinowski D, et al. Surveillance of work-related asthma in
selected U.S. states using surveillance guidelines for
state health departments—California, Massachusetts,
Michigan, and New Jersey, 1993-1995. Morb Mortal Wkly
Rep Surveill Summ 48(3):1–20 (1999).
23. Tarlo SM, Banks D, Liss G, Broder I. Outcome determi-
nants for isocyanate induced occupational asthma among
compensation claimants. Occup Environ Med
54(10):756–761 (1997).
24.  Malo J-L, Chan-Yeung M. Occupational asthma. J Allergy
Clin Immunol 108(3):317–328 (2001). 
25.  Toren K, Balder B, Brisman J, Lindholm N, Lowhagen O,
Palmqvist M, Tunsater A. The risk of asthma in relation to
occupational exposures: a case-control study from a
Swedish city. Eur Respir J 13(3):496–501 (1999). 
26.  Mannino DM. How much asthma is occupationally
related? Occup Med 15(2):359–368 (2000).
27.  Henneberger PK, Kreiss K, Rosenman KD, Reilly MJ,
Chang YF, Geidenberger CA. An evaluation of the inci-
dence of work-related asthma in the United States. Int J
Occup Environ Health 5(1):1–8 (1999).
28.  Karjalainen A, Kurppa K, Virtanen S, Keskinen H, Nordman
H. Incidence of occupational asthma by occupation and
industry in Finland. Am J Ind Med 37(5):451–458 (2000). 
29.  Meredith S. Reported incidence of occupational asthma in
the United Kingdom, 1989-1990. J Epidemiol Community
Health 47(6):459–463 (1993).
30.  Houba R, Heederik DJ, Doekes G, van Run PE. Exposure-
sensitization relationship for alpha-amylase allergens in
the baking industry. Am J Respir Crit Care Med
154(1):130–136 (1996).
31.  Cullinan P, Lowson D, Nieuwenhuijsen MJ, Gordon S, Tee
RD, Venables KM, McDonald JC, Newman-Taylor AJ.
Work related symptoms, sensitisation, and estimated
exposure in workers not previously exposed to laboratory
rats. Occup Environ Med 51(9):589–592 (1994).
Environmental Health Perspectives • VOLUME 110 | SUPPLEMENT 4 | AUGUST 2002 571
Asthma Occurrence • Work-related asthma: implications for the public
Sensitive
Unselected
Selected
100
90
80
70
60
50
40
30
20
10
0
0.1 1 10 100 1,000
Airborne exposure to sensitizing agent
P
e
r
c
e
n
t
 
s
e
n
s
i
t
i
z
e
d
Atopy, mucosal irritant exposure, possibly
  infection, skin, or diesel
Healthy workers, protective HLA genoptypes
Figure 1. Factors influencing population suscepti-
bility to sensitizing exposures.572 VOLUME 110 | SUPPLEMENT 4 | AUGUST 2002 • Environmental Health Perspectives
32.  Hollander A, Heederik D, Doekes G. Respiratory allergy to
rats: exposure-response relationships in laboratory ani-
mal workers. Am J Respir Crit Care Med 155(2):562–567
(1997).
33.  Toren K, Hermansson BA. Incidence rate of adult-onset
asthma in relation to age, sex, atopy and smoking: a
Swedish population-based study of 15813 adults. Int J
Tuberc Lung Dis 3(3):192–197(1999).
34.  Niven RM, Pickering CA. Is atopy and smoking important
in the workplace? Occup Med (Oxford) 49(3):197–200
(1999).
35.  Eisen EA, Holcroft CA, Greaves IA, Wegman DH, Woskie
SR, Monson RR. A strategy to reduce healthy worker
effect in a cross-sectional study of asthma and metal-
working ﬂuids. Am J Ind Med 31(6):671–677 (1997).
36.  Petsonk EL, Daniloff E, Mannino DM, Wang ML, Short SR,
Wagner GL. Airway responsiveness and job selection: a
study in coal miners and nonmining controls. Occup
Environ Med 52:745–749 (1995).
37.  Preller L, Doekes G, Heederik D, Vermeulen R, Vogelzang
PF, Boleij JS. Disinfectant use as a risk factor for atopic
sensitization and symptoms consistent with asthma: an
epidemiological study. Eur Respir J 9(7):1407–1413 (1996).
38.  Siegel PD, Al-Humadi NH, Nelson ER, Lewis DM, Hubbs
AF. Adjuvant effect of respiratory irritation on pulmonary
allergic sensitization: time and site dependency. Toxicol
Appl Pharmacol 144(2):356–362 (1997).
39.  Petsonk EL, Wang ML, Lewis DM, Siegel PD, Husberg BJ.
Asthma-like symptoms in wood product plant workers
exposed to methylene diphenyl diisocyanate. Chest
118:1183–1193 (2000).
40.  Kimber I. The role of the skin in the development of chemi-
cal respiratory hypersensitivity. Toxicol Lett 86(2-3):89–92
(1996). 
41.  Scheerens H, Buckley TL, Muis TL, Garssen J, Dormans J,
Nijkamp FP, Van Loveren H. Long-term topical exposure to
toluene diisocyanate in mice leads to antibody production
and in vivo airway hyperresponsiveness three hours after
intranasal challenge. Am J Respir Crit Care Med
159:1074–1080 (1999).
42. Mapp CE, Beghe B, Balboni A, Zamorani G, Padoan M,
Jovine L, Baricordi OR, Fabbri LM. Association between
HLA genes and susceptibility to toluene diisocyanate-
induced asthma. Clin Exp Allergy 30(5):651–656 (2000). 
43.  Sjostedt L, Willers S, Orbaek P. Human leukocyte antigens
in occupational allergy: a possible protective effect of
HLA-B16 in laboratory animal allergy. Am J Ind Med
30(4):415–420 (1996).
44.  NIOSH. Preventing Allergic Reactions to Natural Rubber
Latex in the Workplace. NIOSH Alert. DHHS (NIOSH) Publ
97-135. Cincinnati, OH:National institute for Occupational
Safety and Health, 1997;1-11.
45.  Heilman DK, Jones RT, Swanson MC, Yunginger JW. A
prospective, controlled study showing that rubber gloves
are the major contributor to latex aeroallergen levels in
the operating room. J Allergy Clin Immunol 98(2):325–330
(1996).
46.  Allmers H, Brehler R, Chen Z, Raulf-Heimsoth M, Fels H,
Baur X. Reduction of latex aeroallergens and latex-spe-
ciﬁc IgE antibodies in sensitized workers after removal of
powdered natural rubber latex gloves in a hospital.
J Allergy Clin Immunol 102(5):841–846 (1998).
47.  Levy D, Allouache S, Chabane MH, Leynadier F, Burney P.
Powder-free protein-poor natural rubber latex gloves and
latex sensitization. JAMA 281(11):988 (1999).
48.  Lemiere C, Cartier A, Dolovich J, Chan-Yeung M, Grammer
L, Ghezzo H, L’Archeveque J, Malo JL. Outcome of spe-
cific bronchial responsiveness to occupational agents
after removal from exposure. Am J Respir Crit Care Med
154(2 pt 1):329–333 (1996).
49.  Brooks S, Weiss MA, Bernstein IL. Reactive airways dys-
function syndrome: persistent asthma syndrome after high
level irritant exposure. Chest 88:376–384 (1985).
50.  Gautrin D, Boulet LP, Boutet M, Dugas M, Bherer L,
L’Archeveque J, Laviolette M, Cote J, Malo JL. Is reactive
airways dysfunction syndrome a variant of occupational
asthma? J Allergy Clin Immunol 93(1 pt 1):12–22 (1994).
51.  Chan-Yeung M, Lam S, Kennedy SM, Frew AJ. Persistent
asthma after repeated exposure to high concentrations of
gases in pulp mills. Am J Respir Crit Care Med
149:1676–1680 (1994). 
52.  Gautrin D, Leroyer C, Infante-Rivard C, Ghezzo H, Dufour
JG, Girard D, Malo JL. Longitudinal assessment of airway
caliber and responsiveness in workers exposed to chlo-
rine. Am J Respi Crit Care Med 160(4):1232–1237 (1999).
53.  McConnell R, Berhane K, Gilliland F, London ST, Islam T,
Gauderman WJ, Avol E, Margolis HG, Peters JM. Asthma
in exercising children exposed to ozone: a cohort study.
Lancet 359 (9304):386–391 (2002).
54.  Brooks SM, Hammad Y, Richards I, Giovinco-Barbas J,
Jenkins K. The spectrum of irritant-induced asthma: sud-
den and not-so-sudden onset and the role of allergy.
Chest 113(1):42–49 (1998).
Asthma Occurrence • Petsonk